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TELEOPERATOR MANEUVERING SYSTEM (TMS) PROGRAM 
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TMS PROJECT SCHEDULE 
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A building block philosophy/methodology is planned; thus permitting the 
evolution of capability as it is needed and delaying cost as much as pos- 
sible. 
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This is a perspective view looking at the aft face of the TMS with the 
subsystem components and other items identified. Vehicle dimensions and 
weights are listed. The Remote Manipulator System (RMS) grapple fixture 
is the standard interface for the RMS. The TMS is deployed from and 
replaced in the payload bay by the RMS. Two (2) 30 inch diameter Elec- 


I 


V e 
c ^ 

(Q 

CQ 

I ns 
CO 

C -U 
0 (0 

O' ^ 

c 

« s 

i! > 

0. O 

OS. 

(0 

<0 o 

C 

e 

?! CO 


0) 

< 

CO 

CO 

ta c 
0 

« 0, 

13 -H 


(0 i-l 

ns 

T3 c 

•H o 

> *H 
0 4J 
VI 10 
Qi 

CO 

C 

O <tf 
•H Vi 
jC 4 J 

CO *§ 


Of 

x: 


0) 


(0 (0 o 

•H ^ (0 
C r-l 
(0 ^ ^ 
(0 

tP CO 

4J 
6 C 

® 5 e 

rH 3 2 

d> (0 6 

X « f» 
0» ^ 
U « 

cv ^ 

e 

CO ® 

c 
o 


CO 


H c 


•U 

S .2 

i* 


8 


8 


CO 
CO 
3 
I 

O M 


3 

B 


1 

Vl 

4-3 

• 

CO 

03 

JC 

03 

CQ 

C 


Vl 

0 


03 


j: 

CO 

CQ 

0 

JC 

0 

4J 

3 

4J 

r-l 


JC 


CP 

4.3 


03 

CO 


(0 

CQ 

T3 

4J 





C 

CQ 

CO 

CP 

CQ 

Vl 

CQ 

a 

•f-l 

c 


0 


•H 


•H 

C 

44 

U 

CO 

4J 




03 

CO 

u 

0 


CO 

0* 

•H 

0 

0 

73 

X 

Qi 

•o 

U4 

•o 

03 

E-i 

3 




4J 



0 

CP 

c 

CO 

Ml 

03 

4J 

c 

03 

CJ 

w 

JC 

4J 

JC 

4J 

*0 

03 

•H 

0 

JC 

0 

»H 


c 

CO 

0 


03 

c 

0 

0 

3 

73 

u 

Vl 

jM 


O 

4J 

6 

3 

B 


•3 
C 
CO 

u 

c 

V4 

CO 3 
3 

)4 

-fl c 


jc * 0> ^ 

s 
o 

4J 

5 

<v 
x: 


Q. 0> 

8 ^ 


0) 


^ 

« 

£ 

0 ) 


o 

> 

>1 

o 

c 

0> 


O' 0 


0) 

V4 

<0 

CQ 

c 

03 

£ 

4J 

Vj 

CQ 

t 


0 ^ u 

‘i 0) 9 

4J Z 4J 

c £ o 

“ Ml 


0 

o 


H 

CO 

0 

a 

O4 

0 

'U 

C 

3 

0 

6 

CP 

73 

C 

•H 

1-4 

03 

the 

C 

•H 

4J 

73 

C 

c 

0 

r4 

CQ 

• 

4.3 

c 

44 

03 



cv 

c 

CQ 

O4 

44 

c 

CQ 

> 

6 

03 

73 

U 

03 

>1 

^4 

in 

■H 

Vl 

CO 

0 

Vl 

0 

0 

0 

03 

< 

Vl 

03 

1 

C 

03 

C 

r4 

e* 

3 

3 

Qi 

03 


73 


£ 

•H 

CO 

a 

CQ 


*U 

0 

03 


CO 

•H 

• 


3 

CO 

C3 

Vl 


> 


CQ 

CO 

03 


CT 

S 


•H 

3 

1-4 

N 

J= 

CO 



r4 


03 

cc 

03 

u 

0 

0 

03 

4J 

CQ 

JC 

73 

• 


H 

4J 

41 

Vl 

73 


x: 

03 

0 

CO 

CO 

0 

c 

JC 

03 

1 

4J 

C 

03 

0 

U 

CQ 

Vl 

sc 

•H 

CQ 

CO 

B 

>1 

c 

03 

N 

CQ 

CO 

03 

C3 


c 


Vl 

CQ 

4J 

0 

U 

•H 

03 





0 

CO 

03 

•H 

c 

0 


Vl 

CO 

C 

U 

03 

u 

CO 

03 

73 

03 


CP 

3 

C 

•H 

0 

CO 

JC 



4J 


> 

03 

c 

CO 

0 

x: 


< 

4J 

0 

JC 

CO 



73 

•H 

CO 


4J 

03 



03 

C3 


73 

03 


3 

u 

03 

73 


c 

03 

41 

f-4 

3 

>1 


4.3 

3 

Vl 

03 

c 

£ 

j: 

0 

03 

CO 

•H 

4 J 

• 

•H 

73 

Oi 

4J 

•H 


4J 




iH 

CQ 

ri 

03 

4J 



CO 




CO 

03 

03 

CO 

V4 

CP 

4J 

iH 

0 

C3 

73 

4J 

0 

4J 

JC 

0 

C3 

VJ 

CQ 

CQ 

0 

4J 

0 

03 

C 

4J 

c 

AJ 

•H 

•fI 


Vl 


U 


r4 

4J 

03 


03 


> 

C 


03 

iH 

4J 

73 


CO 

CO 

4J 

6 

B 

03 

0 

0) 

> 

1—1 

C 

03 

03 

C3 

03 

c 

CP 

0 

73 

u 

u 

0 

0 

0 

CO 

Vl 

0 

u 

03 

03 

u 


u 

CO 

C3 

U 

0 

3 

CQ 

r4 

a 

B 

CO 

44 

< 


cn .H 


03 


03 ^ S 
3 O 


V CO 

g «! 

i: a> 


c 

03 

03 

4J 

03 

jQ 

03 


O 

o 


CP 

c 


CQ 
Vi 

$> >1 
Q 4 ^ 
rO 
> 


03 

rH 

x> 

CQ 

03 


5 

C 

CQ 

O 


03 


4J 

4J 

o 

u 

JG 

4-3 


CO 
Vl 
03 

4J 
CO 
3 

u 

^ JS 
00 ^ 


4J 

x: 

CP 


4.3 

JC 

CP 


03 

g 


03 

CP 

c 

CQ 

V4 

4-3 

CO 

3 

U 

JC 

4J 


CQ 

4J 

o 


4J 

M-4 

CQ 

Vl 

o 

03 

o 

CQ 

a 

CO 


03 

Vl 

o 

Vl 

3 

& 


03 

JC 

4J • 
6 

i 

^ 3 

•H 

^ iS 

2J 

|2 

o 
U-l o 

jQ O 


\ 


04 


Teieoperator ManeuyeringiSystam 




! 

I 


D» TJ 

jC 

0^ 

0 

<P 

U 

0) 

• 


1 

• 

c 

c 

c 

CP 

u 

CO 


IQ 



IQ 

a 

CO 

0 

•iH 

0) 

3 

IQ 

rH 

IQ 

4J 

H 

0) 

g 

iQ 

c 

•r4 



0 


< 


CO 


•r4 

Vi 

o 

o 

44 

o 

0 

0) 

J3 

JC 

AJ 

g 

<11 


CO 

iQ 



> 

0) 

43 

g 

•tH 

44 

■H 

CO 

0> 

• 

CO 

i-H 

10 

U 

0 

w 

4i 

(0 

>1 

CO 

• 

CP 

c 

•H 

o 

43 

43 

O 

•iH 

• 

>1 

•o 

2 

>1 

IQ 

Id of 

44 

c 

•H 

(Q 

0> 

44 

CO 

CO 

IQ 

u 

(U 

CU 

0 

•H 

3 

cr 

o 

10 


0) 

rr 

AJ 

o 

CP 

•r4 

5> 

43 

44 

CO 

O 

o; 

•r4 

44 

c 


CP 

c 

• 

f 1 

0) 

c 

Vi 


CO 

•r4 

44 

•H 

c 

c 

•iH 

CO 

e 

44 


0) 


X 

C 


IQ 

«iH 

•H 


X 

mm 

•H 

44 

0) 

4J 

x: 

CO 

10 

'O 


0 

•H 

Vl 

•H 

g 

CP 

10 

O 

T3 

•H 

0) 

JC 

24 

TJ 

C 

CP 

•H 

rH 

and 

IQ 

U 

the 

> 

IQ 

01 

43 

44 

to 

g 

•H 

0 

V 

10 

0 

4J 


0) 



0) 


Vi 


CO 

0 

rH 

44 

of 

c 

0 

CO 

s 

and 

CP 

c 

•H 

44 

IQ 

Vi 

g 

0 

U 

0> 

0 

44 

0 
3 

1 j 

X 

M 

0) 

'O 

•H 

IQ 

C 

•H 

44 

0) 

CO 


•H 

K 




44 



0^ 

> 

10 

face 

CO 

a 

U 

0) 

4J 

ideo 

0) 

-iH 

> 

0> 

CP 

C 

IQ 

U 

IQ 

the 

4-1 

CO 

43 

0 

43 

44 
Vl 

44 

c 

IQ 

and 

It b 


*o 

5 c 

* <D 

*» 
.P X 


.. . 3 


* Jj 
<*? H 


0) 

> 

4J 

o 

0) 

Qi 


•H > 

X> 

^ m 

° g 

<u 

rH 

4J 

4J . 

2 *o 

•C d) 
CO ^ 

<0 

01 u 

5 a 

u 

o o 

2 o 


« gi 

I 

" 2 

O 

*o 

01 

o ^ 

U-l 

CO 

»o 

o; 

CO 

3 *H 
0 ) 

Vj C7> 


>- 3f 

4-» 

a 

o 


c 

o 


4J 

o 

c 

o 

AJ 


0) 

> 

o 

o 


o ^ 

pH 

cu 0 > 

0 ) u 

»0 OJ 


4J ^ 
0 ) 

CO 


C CO c 

gt! S 


4J 

0> 

c 

<0 


c 

o 


0> 

cu 


T3 

c 

»o 

0) 

Vj 

(Q 

CO 

0 ) 

TJ 

•H 

> 

o 

Vj 


CO 

3 

O 

> 

N 

0 ) 

c 

0) 

V4 

cn 

c 

•fH 

3 


Q* rO 


<0 

)4 


•H 

rH 

•ri 


•H 

IQ 

7 

10 

44 


g 


IQ 


T3 

M 

C 

0> 

JZ 

<0 


IQ 

c 

O 

0) 

c 

0 

c 

•r4 


rH 


C4 

0) 

•H 

X) 

10 

0 

0) 

> 

CP 

3 



0) 

44 



*0 

44 


c 

CO 


> 

CO 

c 

>1 

c 


c 

44 

•H 

c 




0) 

iQ 


0^ 

IQ 

0 

44 

•H 



0> 

T3 

6 

0 

43 



44 



01 

43 

•*H 


43 

44 

Vi 

no 

•H 

Vi 


g 




CO 


0) 

rH 

44 

0) 


0 

c 

CO 

CO 


c 

44 

0) 


>1 


Vi 

IQ 

•H 

ft 

CO 

•»H 

0) 

•H 

rH 

10 


x: 

O 


04 

IQ 


g 

44 

01 

rH 


0 


U 

>1 


no 

IQ 


0) 

1 

• 

0 

U 

O 

44 

*0 

0) 

•H 

Vl 


•H 

0) 

c 

o; 

44 


0) 

u 

no 

01 


44 

0 

g 

44 

O 

V4 

44 

•r4 



Vi 

#H 

c 

g 

a 

o; 

0^ 

10 

3 

43 

0 

01 

3 

10 


10 

44 

x: 

0 

CT 

0 

IQ 


g 

rH 

0) 

•o 

44 

44 

0 

0) 

C 

Vi 

0 


10 

x: 

10 

0) 

0 

rH 

Vi 

••H 

44 

1-4 

< 

i3 



4J 

0> 

o> 

V4 

<0 

4J 


c 

•H 

0) 


^ 'll 

(0 

a-H 

« '5 

C rH 

O ^U 

TJ 0> 

o; c 

4J *H 

c ^ 

3 0) 
O H 
g > 

CO 

•H <0 

c 

« .2 

<0 Z 

Vi 
0» 


TJ 

IQ 

0> 

T5 


0> 


5 > 

o ° 

O Q. 

0) >D 

§ % 


C 

o 

-H 

4J 

IQ 

C 

•1^ 

g 

3 


CO 

0 ) 

c 

0> 

o 

CO 


JZ 

CP 


u 

o 


>1 

rH 

g 

•p4 

»3 

Vi 

O 


•O 

0) 

T3 

•r^ 

> 

o 

u 

a 

0 ) 

Vi 

IQ 

CO 

4J 

JS 

CP 


*D 

8 


66 


Teleoperator Maneuvering System 


ORIGINAL’ PAGE 

BLACK AND WHITE PHOTOGRAPK 








07 


Lower Support Trunnion Star Tracker 

■ View Ports 



TELEOPERATOR MANEUVERING SYSTEM EVOLOTION 


01 a; o 09 c 

C 4J -H -w 

o c 

<0 *0 CO »n 



Vi 

0) 

y 

w 

0) 

•H 


a 

O 4 

CP 

Al 

\ 

*0 

oe: 

*0 

> 

CP 

0 

05 


0> 



*0 

Vi 

c 

0 

u 

u 



05 

CO 

<0 

05 

•H 

Vi 

Q4 



c 


«o 


CO 

0 

cv 

0 

>t 

c 

05 

01 

cn 

be 


•r4 

0 

c 

cn 

05 

0 

U 

49 

*0 

0) 

4J 

> 

u 

C 

0 

i 

u 

05 


03 

>» 




05 

E 


c 

that 

05 

43 

0 

05 

6 

C 

0 

If CO 

also 

•H 

•H 

05 

44 

05 

and s 

tp 

C 

•H 

)4 

m 

CO 

44 

c 

05 

'O 

05 

U 

c 

3 

CO 

•H 

CO 


c 

<0 

CO 

CO 

05 

n. 

05 

r4 

••H 

3 

01 


CO 

• 

0 


>1 

E 

rH 

cr 

> 

44 

0 ; 

'O 


T3 

05 

ES 

05 

05 

0) 

c 

u 

01 

44 

C 

Vi 

3 

a 

VI 


01 

a 

X5 

•M 

05 

U 


0 

05 

no 

6 

6 

0) 



05 


VI 

c 

Oi 

P 

0) 

«» 

CO 



a 

43 

01 

•H 

0 

c 

CO 

c 

A 

U 


44 


tr x: 
^ 0 ) 

•H 4J 

3 3 I 

§. ®' -O 

« -5 o 

' o g 

^ 'S 

fH O »H 

i-H 'O > 


^ 04 ^ 

" I H 
O S ^ 

a, o w 

r 1 


o> • 'O 

> S 

•H <0 
0 ) 

2 > u 


0> 43 
i 3 • 

(0 '7 

5 0> O 
3 Vi -H 
io 0) 4Z 

JC 0> 

O 4J o 

43 -H 
(0 D> CO 
0 ) *H (0 

U X> 

a 

6 0> 0) 
(0 43 43 
X 44 4J 
U 

O O 

44 44 


C 'M o 

0) rH 44 
0 ) (0 
5 4:^ 

GU 

(0^5, 

<0 0) o 

£ S- X 

cv ^ 

<u 3 ^ 


C 

o C § 

a ^ 

O 4 o 
o ^ c 
? w 


O'. »0 CO 
C fH C 
•p4 3 O 

49 O -H 
6 ^ 44 
3 05 

CO 

Cli o 3 

g XTi 

•U •«-* 

2 o> 


a 

<u o c 

43 V4 ^ 

44 a o 

•H <2 

'O 43 (0 

C 

M-l 0) 

frt O U 

« 05 

,2 T5 W 
S C 4J 
^3 0 * 
<2 O <U 
o o* « 


g ^ n 

2 2 -S 

2 * *® 

3 'i -u 


o»j= 5, 

c o o 

« -M S 


® m 

O £ 


CO 0> ^ V] 

3 g *H 05 • 

05 Q 4 CO 0) 4j 

^ S ^ ^ 

S *:! 2 2 5 


® o . 

’::1 o 00 


« > « = 
M-l Oi o 
O 

3 OJ J4 J3 

« g a 

« c \o 


c 

43 

•H 

05 

05 

05 

• 

f2 

03 

05 

05 


> 

CO 


C4 

44 


0 


3 

44 

CO 

T5 

0 

49 

E 

§c 

05 

CO 

Vl 

03 

05 

05 

03 


3 

• 

E 

03 

0 


CO 

05 

05 


u 

0 

•o 

05 


05 

03 

u 

05 

Ml 

44 

CO 


05 

O 4 

CO 

05 

Vl 

rH 

'O 

0 

43 

03 

49 

O 4 

44 



C 

e* 

•H 

0) 

C 

Vi 


CP 

Vl 


a 

05 

MH 

CO 

05 


0 

0 

U 

2 

CP 

■C 

i % 

44 

CP 

•H 

05 

0 

c 

CP 

05 


»o 





U 

05 

05 

49 

•H 


CO 

c 

05 

49 

0 

•H 

0 

44 

05 

05 

44 

05 

05 

05 

cu 

rH 



CO 


49 

05 

E 

E 

in 

u 

u 

05 

43 

05 

•H 

u 

Vi 

43 

>|H 

05 

0 

0 

05 

IM 

3 

43 

05 

3 

<M 

49 

04 

V4 

44 

C 

M 

05 

05 


49 

CO 

rH 

44 

03 

0 

CO 

0 

U 

C 


















TMS APPLICATIONS 


O' 

c 

o 

(0 


0) 

s: 

4 J 

c 

o 

•u 

0) 


e 


T3 

c 

<0 

c 

o 

JZ 

CO 

0) 

(0 

c 

o 

-H 

4J 

<0 

o 


a 

a 

(0 

CO 

£ 


0^ 

O' 

c 

<0 

u 

0) 

TS 


0 ) I 

•— t £ 

a o 

c; 

^ o 

iH <0 

3 

* >, 


•o 

<11 ‘Cl 

0 ^ 
C ^ 
<0 

JZ 

c 

01 


0) 


>1 >1 
•H (0 
XJ 6 
<0 

2 « 

•2 5 


” ij 

01 n 

U 

^ 0 

>1 

U CO 
0) 3 
> 0 
•H *H 
r-l V 4 
0 ) <0 
T? > 

m 0 


OJ ^ 
04 S 


• >1 
0) 4J 
O' *H 
C rH 
<0 

JZ JQ 

0 <0 

a 

<u <0 
C O 

a u 

01 ^ 


i3 

<0 


'VJ ^ 

U 


»o *o 


CO 

c 

8 


c 

<0 

0 ) 

O' 

c 


TJ 

c 

(0 

O' 

c 

•r4 

o 

•H 

> 

Vi 

0> 

CO 

0 ) 

M 

<0 

B 

s: 

o 

•H 

x: 


CO 2 

(Q «C 


r-l 2 

0) S 


CO ^ 

<0 ip 

0, 

2 S 
« .2 
« :3 

(Q 

c 

2 

6 

a 8 

3 

I (D 

0> > 

Co jj 

6 1 o 


a 


<0 

> 

0» 

>H 

Wi 

X) 

0 ) 

Wi 

0 ) 

> 

•H 

4J 

<0 

XI 

c 

0 > 

CO 

0 ) 

Wi • 

04 0; 
0; ^ 
w 

•H 
^ CO 

o O 

^ §. 

OJ 


04 

3 

CO 


XI 

CO 

•H 

O' 

o 


T3 

C 

<0 

O' 

c 

•H 

01 


>1 

TJ 

<U 

0 
c 
(0 
iS 

c 

01 

u 

V 

JZ 

4 J 

u 

3 

CXI 


W 

XI 

CO 

6 



01 

> 


x» 

C 

^ fH 

CO 

XI 



rH 


0 

0; 

1 > 

•H 



XI 

01 

*0 

*0 

CO 

0 

rH 



XI 

3 

c 

•H 

01 

V 4 

c S 
§ 01 

•H 

JO 



JC 

• 


O4 

0 

CO 



CO 

CO T 5 


0 ) 

0 

r* 

O4 




CO 01 

JC 

Vi 

« .2 

cO 


• 

0 

0 XI 

0 


0 

• 

01 

•fH 

»H CO 

c 

01 

VI 


XI 

O' 

CO 

>1 nj 

3 

H 

01 jQ 

01 

u 

<0 

CO 

CO 0 

CO 

0 

W 01 

x: 

0 

a 

OQ 

04 S 

x 3 

cn 

CO T 3 

E-i 

04 


90 


V 


TELEOPERATOR MANEUVERING SYSTEM (TMS) APPLICATIONS 
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The facing performance chart reflects the TMS geosynchronous maneuver 
capability when delivered by an OTV vehicle. 
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VELOCITY INCREMENT (1000 FPS) 
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The control o£ space debris is becoming extremely important because the 
debris population is growing rapidly and personnel/equipment hazards are 
increasing due to expanding space operations and activity in the debris 


Cfl 0) 
JC 


O (u 

u . 

•C Q. C 

^ P 


0 ) 




CQ 


0) 

VI -H 

ja [i 6 

a; ^ 4J 
>1 

U M 44 

fO ^ o 

r-« C 

»o 

.H I C 
(U 0) 

0> 

C V sz 

8 „ ^ 


o 

u 


O 0 

V4 

V 

>i c 
JJ o 


4J 

(C 


<0 

Vi 

O 

o; 

o 

(0 

a 


S <u 
9 o 
a ,0 w 

2* a 


c 

(0 

CQ 

Vi 

<u 

44 

44 

O 


(0 

6 

0 

u 

44 


<0 

i 

0) 

Vi 


fQ 
> 

2 

W e XJ 

Vl r(3 
Vi 

0) 'O <0 
JS c N 
e-i (tj (0 
jC 
d> 

U CO 
3 -H 
V) Vl 
a 13 

(Q 0^ 


s 


CQ 

<U 

c 

o 


0) T3 
V 0) 
3 CQ 
4J 3 

a 

<0 0) 
o JQ 

<0 


CO 


T3 £ 
0> 4J 
1-4 *H 
r-l > 

O 

Vl 4J 
4J 44 
C <0 

8 8 
C <D 
3 O 
flj 

a 

CQ 
<D 


rn 


> 

td 

s: 


c 8 5 

<0 

I c -o 

m m g 

S, ® 

.5 'O 2 

•2 O 


N 0 >0 


d) 

^ t: 

^ <0 
CQ 

(D IQ 
Vl 

3 CO 

a Eh 
IQ 

o 0, 
jj s 

<4-1 

2 o 
o 

o -o 

s.^ 

rp 

N *0 
•H 

rH ^ 

•iH •-» 

JQ 

IQ 'O 
jj IQ 
CQ <y 

Vl 

IQ 

CQ 

CQ •'-I 

O JC 
x: o 

CQ -H 
0) 

•iH % 
> 0) 
o 

CQ -H 
•H > 

£ d) 
E-i 


VI 

>1 

IQ 44 

6 O 


01 

JC 

4J 


c 

o 

•H 

VI 

IQ 

N 


o 

01 ^ 
JC 

vl IQ 


vl 
IQ 
Vi 
C 
0) 
s 

VI 

CU O 
£ 

O CQ 
U (Q 


O 

CQ 

iH 

IQ 

>1 

IQ 


0) 

0 

•iH 

> 

01 
t: 

CQ 


d) 

Vl 

01 

JC 


CQ 

iH »0 

IQ IQ 


> 

d> 

•H 

V4 

Vl 

Oi 

Vl 

01 

> 


IQ 


Qi 


01 CQ 
CP Oi 
IQ N 
6 

IQ rH 

•V IQ 
Ci 

rH O 
IQ 
Vl 

3 »0 


C 

o 

x: 

CQ 

CQ 

IQ 


^ Jc 
ou ^ 
o 

§ c 

§.2 

Vl 

c o 

•H 6 


T3 
Oi 
Vl 

3 • 

4J C 
O O 
C 

3 4-> 
Q. g 

in m 

Q. -• 'H. 
s cv 
o ^ 

0) « 
U s 3 
•H 4J U 
0) W U 
£ IQ 0> 
4J a u 


V 

loz 



SPACECRAFT SERVICING 


i 


I 


6 C 
0) O 

4J 

(0 c 
>1 » 
CO o 
JC 

a. 

.S to 


CO 


0> 

CO 


iH «| 

<0 

4J T3 
•H (U 

-O ^ 
U (0 
O 3 

rH 

'O > 

c 'O 

M ® 
(0 

0) 0) 

x: -u 

cn 
... c 


5 


c 

= ^ 

a; 

ki 

(0 u 
<u 3 

^ o 


CP 

c 


M -U 


CO O 
CP 

ss “■ 

ll I 

■S'* s 

£ CO M-l 
® CO 
O 0) 

5 


>1 - 
n u c 
<0 o 

0) CU 

0) to 4J 

l-l 

3 ^ 'O 

»o 0) 'S 

o J3 ttJ 

S O ^ 

U C 

s a 
0) 

” .5 s 

” «5 

o 2, 

.0-0 Sr 

2 « V4 

® O 

rr. ^ 4J 

g' O <0 


rO 0) 
C r-l 
ro 3 

•o 

^ i 

2 > 


o 




Vi 

c; 

0) 

o 

<0 

a 

(0 


<0 
Vj 

o 
0) 

O no 
(0 c 
a <0 0) 

CO x: 

>1 ^ 


S 2 

^ .2 

a ^ 

0) w 

^ 0 

c 




3 

a 

•H 

c 

g 

s 
o 
e 

0» 0) 
4J 0) 
CO 

to . 


>1 V4 
CO AJ 
CO 


0) 

x: 

4J 


CO 
0) 
i-H 

3 

CO »o 


CO 

Vi 

O 

4J 

O 

(U 

c 

c 

o 

o 


6 'o 
e d 


s ^ 
£ £ 


4-1 

o 


s 

o> 


a; 

<D 

u 

CP 

0> 

*o 


0) 

J= 

4J 


'O 

c 

(0 


<d 


o 

V4 
4J 

.. c 

a o 
(0 o 
o 

V4 »o 
CO 0) 

•H 4J 
3 

g a 

0) 6 O 
4J P <0 
CO O u 
>1 

CO 0) 0) 

4J iH 
CO 0 3 
•H g »0 

x: 0) o 

H V4 g 


CO 

U-4 

<0 o 


c 

10 


CO 
>1 

to ^ 

Vi 

0) o 

x: O- rH 

g* <0 

3 y 

Vj 

o o 

j% .M o 

u x: ^ 

« » « 
a 

m 0) 

*j 

3 S ^ 

“ o S 

e> u 

(0 g J3 


w 

o 

4J 

O 

<U 

44 

44 

0) 

»o 

c 


Vi 

0) 

O 

•H 

> 

Vi 

(U 

CO 

0) 

4J 

>1 

JQ 

'O 

0) 

V4 

0) 

a 

c 

0> 

*§ 

0> 

o 

10 

4H 

V4 

0} 

4J 

c 


I CO (U 

■H £ ^ 

? ^ s 

(0 0) o> 

x: V4 

0^ 4J 
4C 4) 
•W ^ ^ 

5|8 

^ 

» <0 ? 

-2 

. >t 


CO 

as 

o> 

x: 


o 

4J 


•H 

Vi 

O 

•n 

(0 

€ 


4J 44 
<0 A} 

u £ 

o S 

<u 

o 

a 

CO 

c 

^ *f4 


J3 4) 

o 

S <tj 

a c 

O 4J 

^ ^ C 

cn •■^ 

•iJ g 6 

«M I 


0> 


CO 


CO 

CO 




CP 


w ^ w 

« 5 .M 
•o _ w 

<u -D Q. 

c S 

c ® «M 
<0^0 


‘iiJ 

10 ^ 


u 

3 


0> 


CO 

0) x: 

XI 4J 


^ u 

So 

0) 

x: 


CO O -C XI 
CO C rH E 

•H O rH O 
J 3 -H -H Vl 
£-1 4J ^ 44 


\ 




SPACECRAFT 


F,:. 


OF POCJV 0 


O 

OC £ 

UJ Ou 

O Q lU 

>52 

cc < < 

LU CC 

(0 o 




CO (!) 

6 x: 

0> 4J 


• I 

O e C 
C H 

0) g 
CP 

c »D u 

5 So 

o CP 
0) W ? 

o g 


44 

CO 

•H 

rH 

5 

CO 

2. ^ 

•H 

^ -H 

CO 


<0 

>1 1o 
!:i 


S ^ 
B o 

•H 

<u 

o 


•H 

pua 

CO 

c 

1 

o 

CM 

M 0 

a 

0 

•H 

O 

Q 

X 

O 4J 

a T3 

CO 

o 


(0 

3 U 

>H 

(0 


u _ 

CO ca 


o 

»o 

0) 

<p U 

o> ^ 

u 

<u o 

CP (M 

0 

U 

a 

0 

44 

X 

<0 4J 

c 

CP 

TD 


iJ ^ 

(0 

(1) 

o 

0 <0 

x: <i> 

c 

V4 


4J 

o x: 

•M 

•H 


CO 

c 

0) 

X 44 
0) 

u 

^ ft* 

M 

O 

0 

TJ 

3 

cr 

o> 

V4 

>1 

rH 

Q> 

i 1 


O > -H 

m 0) u 

{ii *H (p 

*c a 

to SJ 

.2 ^ 

« o 2 

>1 4J ? 
JC ^ 

Qi ^ 

P « o 

>j <o »- 

tJ ^ 

5 o « 


(0 • 

rt, ^ to 

£ a» 

*o o 
o ii 
c s *0 


>4 m <i> 

O Jc 
2 <0 


CP 0^ 

0 ) c V4 

^ V ‘i 
-0^2, 

“ o> 2 

X! 

-IJ r- 

44 ^ 

r-l 

C 3 
'O 0) O 
0) C) » 
tl ^ 

(U 4J CO 

»o a; -H 

•H JC 


n-f ^ 

2 o %j 

«j 

^ Ou 

o a u 

* <0 (0 

•S £ O 

2 o « 


W W 

ij 6 •‘J 
o z; I 

M 4» 

>1 VJ 


»o 

01 

o 

c 

•H 

O 

(0 

c 

0 

CO 

44 

Vi 

0) 

u 

a 

u 

C4 

a 

>1 

CO 

44 

CO 

44 

The 

T3 

0) 

e 

2 0 
2 -H 

w 

a 

0 

O 

CO 

c 

3 

0 

B 

JU 

44 

>1 

4J 

V4 

R. 

O 

44 

CO 

c 

*H 

•iH 

c 


0 

•o 

V4 

c 


c 


>1 

rH 

B 

44 

rH 

a 

a 

c 

<0 

> 

44 

0) 

x: 


0> 

<0 

0> 


0> 

2 ^ 

fH 

<0 


CO 

CO 

0 

> 

U 

<0 

i 

o> 

o; 

B 

x: 

i 

• 

a 


1-4 


CO 

U 

•H 

3 

•H 

*2 

0) 

> 

3 

3 

o 

u 

o 

3 


o 

2 ^ 

<0 

CO 

0) 

o 

O 

CO 

CO 

< 

CO 

u 

Ui 

0 

c 

0 


V4 

CO 


^ CO 

V4 

•r4 

1-4 

0) 

0) 


•H 



0> 

4J 

.c 

<0 

44 

CO 

44 

CO 

c 

3 

44 


3 

o 

a 

Wi 

> 

0) 

V4 

CO 

CO 

44 

c 

V4 

•H 

CO 

o 

0> 

0) ^ 

c 


*o 

<0 

CO 

3 

o 

£ 

0 

JQ 

c 

fH 

0) 

o 

x: 

c 

M 

o 

x: 

0) 

44 

o 

a 


0 

u 


44 

0 

•r4 

< 

4J 

a 


•r4 


X) 

44 -H 

C4 

M 

B 

CO 

< 

44 

a 


ORIGINAL PA( 
OF POOR QUi 


0 > 

c 

■■■ 

o 

■■■ 

> 

0 

(0 

IL 

< 

X 

< 


CO 

M 

0t4 

Da 

z 

u 

a 

CO 




CO 


Q> 


>1 


JZ 


AJ 


AJ 


•rA 




rH 


U 




0 




M-l 


•H 




X 


0) 


<u 


JJ 


rH 


C 


MH 


0> 




s 


0) 


(U 




4J 




<0 




4J 


D> 


CO 


C 




•H 


o> 


CO 


c 


<0 




<u 


•H 


Vi 




O 


<U 


C 


a 


•H 


€ 




O 


>1 


o 


rH 




4J 


S4 


(0 


0) 


(0 




> 


4J 




OS 

• 

CM 


SnI 

E 

o 

• 

0) 

a; 


B 

4J 

0) 

0) 

E 

CO 

CO 

M 

O 

>1 

•rH 

(0 

CO 

CO 

E 

S 

CO 


0 

CO 

CO 

M 


4J 

z 

QU 

c 

CO 



0 

•H 


0^ 

•r^ 

rH 


iT 




4J 

(Q 

>1 




i-H 

M-f 

0> 

0 

4J 

CO 

<0 

c 

W 

0 

a 

•H 

c 


CO 

sz 

Jj 

0) 

a 

0 

TMS 

c 

IQ 

U 

hA 

V4 


0) 


<0 

Q> 

V 

JS 

> 


rH 

o 

0) 

AJ 



'O 


4J 

O' 


>t 

9 

c 

E 

M 

x: 


U 

<0 

CO 

o 

0> 

E 


<0 


E 

0) 

M-l 


3 

i: 


u 

CO 


0) 

<0 



is 

0) 

c 

CM 


c 

M 

0 


)ofe 


V 


Summary of TMS Benefits 

Payload placement by TMS vastly expands shuttle 
capability-flexibility-utility 

Opportunities for 1985-1995 estimated at 305 
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TMS payoff resides in flexibility, servicing and reusability 



